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SUMMARY: In the sera of a stra in of rats with analbuminemia, the albumin 
concentration is less than a thousandth of that  in normal rats.  However, the 
tota l  amount of serum proteins in the analbuminemic rats is almost the same as 
that in normal rats and no spots of addit ional proteins were observed on two 
dimensional gel electrophoresis. The hal f  l i f e  of serum proteins as a whole in 
analbuminemic rats injected with [3H]- leucine was 3.0 days, being s imi lar  to 
that  of 2.9 days in normal rats.  The serum of analbuminemic rats gave 3 
d i s t i nc t  peaks of protein and rad ioac t i v i t y  (P~to P~), while those of normal 
rats gave an addit ional peak of albumin (P,) on polyacrylamide gel electropho- 
resis. The half lives of Pl, Pz and P3 were 4.2, 2.4 and 2.1 days, respec- 
t ively in analbuminemic rats and 2.5, 1.7 and 2.3 days, respectively in normal 
rats. The concentrations of Pz, P2 and P3 were 23.1, 19.9 and 20.9 mg/ml, 
respectively in analbuminemic rats and 4.4, I0.7 and ll.O mg/ml, respectively 
in normal rats. The half lives of [3H]-labeled rat albumin injected into the 
blood of analbuminemic and normal rats were 8.0 and 3.5 days, respectively. 

INTRODUCTION 

Serum albumin is considered to have important roles in the metabolism of 

the whole body, such as in maintenance of osmotic pressure, and as carr iers 

of non-ester i f ied fa t t y  acid and thyroid hormone. 

A case of lack of serum albumin was f i r s t  reported in 1954 by Benhold et 

al .  ( I ) ,  and since that 13 other cases have been reported (2,3).  These sub- 

jects were reported to be essent ia l ly  healthy, but to have low levels of 

serum albumin, non-ester i f ied fa t t y  acid and t r i iodothyronine and high levels 

of t r i g l yce r i de  and cholesterol (3). These f indings raise the question of 

the importance of serum albumin. 
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Recently, Nagase and colleagues established a strain of rats completely 

def ic ient in serum albumin from a stock of Sprague-Dawley rats (to be pub- 

lished elsewhere). Analbuminemia was found to be an autosomal recessive 

phenotype. This strain of rats is a very good model for studies on human 

analbuminemia and on the function of serum albumin. 

This paper reports studies on the turnovers of serum proteins in rats 

with analbuminemia and normal rats. 

MATERIALS AND METHODS 

Animals: Rats with analbuminemia were isolated from the stock of Sprague- 
Dawley rats of CLEA Japan (CLEA Japan, Kanagawa, Japan) (to be published 
elsewhere). The analbuminemic rats used in the present study were homozygous 
with respect to analbuminemia. Normal Sprague-Dawley rats of the same stock 
were obtained from CLEA Japan. 

Chemicals: L-[3,4,5-3H(N)]-Leucine (118.4 Ci/mmole) and Aquasol~2 were ob- 
tain:ed from ~ew Engl~and Nuclear (Boston, Mass., U.S.A.). Acry!amide and N,N'- 
methylene bis-acrylamide Were products of Wako Pure Chemicals (Tokyo, 
Japan). DEAE-Sepharose CL6B was purchased from Pharmacia Fine Chemicals 
(Uppsala, Sweden). Hydroxylapatite was from BioRad (Richmond, Cal., U.S.A.). 
Ampholine (pH 3.5-10) was obtained from LKB (Bromma, Sweden). All other 
chemicals were of analytical grade. 

Two dimensional gel electrophoresis: Two dimensional gel electrophoresis of 
serum was performed by a s l ight  modification of the method of O'Farrel (4) 
with 2% Ampholine (pH 3.5-10) for the f i r s t  dimension. Protein was stained 
with 0.2% Coomassie B r i l l i a n t  Blue R-250 in a solution of 20% ethanol and 7% 
acetic acid in water. 

Polyacrylamide gel electrophoresis: Polyacrylamide gel electrophoresis of 
serum was performed on a 5% acrylamide (4.86% acrylamide and 0.14% bis- 
acrylamide) slab gel in 0.I M Tris-borate buffer (pH 8.7). After electro- 
phoresis for 2 h, protein was stained with 0.2% Coomassie B r i l l i a n t  Blue R-250 
in a solution of 20% methanol and 7% acetic acid in water and destained in 
the same solution. 

Densitometry was performed with a Joyce-Lebel Chromoscanner 200 by the 
refractory mode using a 620 nm f i l t e r .  Protein in each peak was determined 
by densitometry. 

Duplicate gels were cut into 2.5 mm sl ices and each sl ice was dissolved 
in 0.5 ml of 30% H202 by overnight incubation at 80°C. Radioactivity was 
counted after addition of I0 ml of Aquasol-2 in a Beckman LS8100 l iquid 
sc in t i l l a t i on  counter. 

Determination of radioactivity: Acid-insoluble rad ioact iv i ty  was determined 
by applying 20 ~I of sample to a glass f iber  paper (Whatman GF/C), washing 
the paper three times with 5% tr ichloroacet ic  acid and then with ethanol and 
ether and counting the rad ioact iv i ty  in Aquasol-2. 

Determination of albumin: The concentration of serum albumin was determined 
by densitometry af ter electrophoresis and also by single radial immuno- 
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dif fusion essent ial ly by the method of Manci:ni et al.  (5), using rat albumin 
(Miles Laboratories, Inc. Kankakee, I I I . ,  U.S.A.) as a standard. 

Preparation of [aH]-leucine-labeled rat serum albumin: [3H]-L-Leucine 
(0.6 mCi/rat) was injected intravenously into the ta i l  vein of 5 normal male 
Sprague-Dawley rats weighing about 180 g. Two hours la te r ,  blood was col- 
lected from the abdominal aorta, and serum was obtained by centr i fugation. 
The protein precipitated with 50-75% saturation of ammonium sulfate was 
dialysed against I0 mM sodium phosphate buffer (pH 7.0) and then applied to 
a DEAE-Sepharose CL6B column (2 x 20 cm) equil ibrated with the same buffer. 
Material was eluted with a l inear gradient of 0 to 0.5 M NaCI in I0 mM sodium 
phosphate buffer (pH 7.0). The fract ion of eluate containing albumin was 
dialysed against I0 mM sodium phosphate buffer (pH 7.0) and applied to a 
hydroxylapatite column (2.6 x 5 cm) and the column was eluted with a l inear 
gradient of 0.01 to 0.15 M sodium phosphate buffer (pH 7.0). The puri f ied 
albumin gave a single protein band on SDS-polyacrylamide gel electrophoresis 
by the method of Leammli (6) and on immunoelectrophoresis (7) against ant i -  
rat  whole serum antiserum and had a specif ic rad ioact iv i ty  of about 50,000 
cpm/mg protein. 

Preparation of anti-rat serum proteins: Antibody against rat  serum albumin 
was prepared by inject ing the pur i f ied rat  serum albumin described above into 
rabbits with Freund Complete adjuvant (Difco, Detroi t ,  Mich., U.S.A.). The 
antiserum gave a single prec ip i t in  l ine against albumin on immunoelectro- 
phoresis of whole rat serum protein. Ant i - ra t  serum protein antiserum was 
prepared by inject ing rat serum with Freund complete adjuvant into rabbits. 
Antisera against rat  az-acid glycoprotein, az-X glycoprotein, t ransferr in ,  
~2-macroglobulin and y-globul in were prepared by inject ing the respective 
pur i f ied proteins with Freund complete adjuvant into rabbits. 

RESULTS 

Two dimensional gel electrophoresis of  serum: In spite of the almost 

complete absence of serum albumin in analbuminemic rat  serum, the total 

amount of serum proteins (75.7 ± 3.5 mg/ml) was almost the same as in normal 

rats (79.6 ± 7.7 mg/ml). As shown in Fig. I ,  serum albumin was completely 

missing in analbuminemic rats ,  but the pattern of other proteins was quite 

s imi lar  to that in normal rats,  except that,  the amounts of four groups of 

prote ins-- t ransferr in ,  a1-X glycoprotein, a2-macroglobulin and~heavy a n d  

l igh t  chains of immunoglobul!in G--were considerably increased. 

Metabolism of serum proteins: The metabolism of serum proteins was studied 

by labeling serum protein by inject ion of 200 vCi/lO0 g body weight of [aH]- 

leucine through the ta i l  vein. The fate of total acid-insoluble rad ioact iv i ty  

in the serum after in ject ion of [3H]-leucine was simi lar  in analbuminemic arid 
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Fi 9. I. Two dimensional gel electrophoretic patterns of serum proteins from 
normal rats (a) and rats with analbuminemia (b). l ;  m2-macroglobulin, 2; ~I- 
X glycoprotein, 3; albumin, 4; transferrin, 5; heavy chain of immunoglobulin 
G, 6; l ight chain of immunoglobulin G. 
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Fate of  [3H] - labe led serum pro te ins ,  a; fa te  o f  serum ac id - i nso lub le  
r a d i o a c t i v i t y  in analbuminemic and normal ra ts .  b; fate o f  r a d i o a c t i v i t i e s  
in PI in analbuminemic and normal ra ts .  Values are means and standard 
dev ia t ions fo r  5 ra ts .  S t ra igh t  l i nes  were obtained by the leas t  square 
method. = =; analbuminemic ra t s ,  o - - - o ;  normal ra ts .  
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Fig. 3. Gel e lectrophoret ic  patterns of serum from normal and analbuminemic 
rats.  Prof i les of rad ioac t i v i t y  were obtained 6 h a f ter  in jec t ing  [3H]-L- 
leucine into normal rats (a and c) and analbuminemic rats (b and d). 

normal ra ts ,  as shown in Fig. 2a. The rad ioac t i v i t y  in the serum was maximal 

4 and 2 h a f te r  in jec t ion  of labeled amino acid in analbuminemic and normal 

rats,  respect ively,  and these maximal values were defined as 100%. The hal f  

l i f e  of the serum proteins was 3.0 ± 0.I days in analbuminemic rats and 

2.9 ± 0.2 days in normal rats.  

The labeled serum proteins were subjected to gel electrophoresis. Repre- 

sentative electrophoret ic patterns of proteins and rad ioac t i v i t y  on 5% poly- 
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Table I. Half lives, concentrations and ratios of production of peak proteins 

TI/2 (days) Concentration (mg/ml) 

Alb- Alb + Alb-/Alb + Alb- Alb + Alb-/Alb + 

PI 4.2 2.5 1.7 23.1 4.4 5.3 

Pz 2.4 1.7 1.4 19.9 I0.7 1.9 

P3 2.1 2.3 0.91 20.9 II .0 1.9 

P, 2.6 0.0229 a 34.2 0.0006 

Values are means for 5 rats. klb+; normal rats, ~Ib-; analbuminemic rats. 

aDetermined by single radial immunodiffusion. 

acrylamide gel are shown in Fig. 3. Three peaks (P~-Ps) of rad ioac t i v i t y  and 

proteins were reproducibly obtained with serum from analbuminemic rats and 

four peaks (PI-P,) with that from normal rats.  Immunoelectrophoresis against 

ant i -sera to various serum proteins showed that PI mainly consisted of immuno- 

globulin G and a2-macroglobulin, P2 of transferrin, P~ of az-X glycoprotein 

and P4 in normal rats of albumin. One more peak of radioactivity was obtained 

at the origin of the gel, but this was not examined because i ts amount varied 

greatly in different experiments. 

The fates of the radioactivity in PI in analbuminemic and normal animals 

are shown in Fig. 2b. The half lives and protein concentrations of the peaks 

are summarized in Table I. Figure 2b and Table l clearly show differences in 

the half lives of P~ and P2 in the two groups of rats. However, no difference 

in the half l i f e  of P3 was observed. In analbuminemic rats the serum concent- 

ration of P~ was much higher than normal, and those of P2 and P3 were somewhat 

higher than normal. 

Fate o f  injeoted ra t  serum albumin: Rats with analbuminemia and normal rats 

were given 3 mg/rat of  [3H~-labeled rat  serum albumi n (150,000 cpm) via the 

ta i l  vein and acid- insoluble rad ioac t i v i t y  in the serum was assayed at various 

times a f te r  the in jec t ion.  This amount of serum albumin was too l i t t l e  to 

a f fec t  the concentration of serum albumin in normal rats.  From the resul ts 
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Fi 9. 4~ Fate of injected [3HI-labeled rat serum albumin in analbuminemic and 
normal rats. Values are means for 3 rats. Straight lines were obtained by 
the least square method. = : ;  analbuminemic rats, o---o; normal rats. 

shown in Fig. 4, the half l ives of albumin in analbuminemic and normal rats 

were calculated as 8.0 and 3.5 days, respectively. 

DISCUSS!ON 

In the analbuminemic rats studied in this work there was no albumin in 

the serum, but the total amount of serum proteins was almost normal. This 

normal level was due to increase in the concentration of other serum proteins, 

such as ~I-X glycoprotein, ~2-macroglobulin, transferrin and immunoglobulin G, 

without the appearance of any new serum proteins. The higher concentrations 

of these other serum proteins in rats with analbuminemia are probably due to 

increase in their production and/or decrease in their dergradation, because 

there was no significant change in the total plasma volume, assayed with 

Evans blue (8) and SlCr-labeling (9), or in the extravascular space, estimated 

by the sodium rodanate method (lO) (data not shown), although the higher 

concentrations might be due to change in the distribution of serum proteins. 

The serum concentration of P1, which includes at least immunoglobulin G 

and ~2-macroglobulin, was 5.3 times higher in rats with analbuminemia than 
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in normal animals. Since the hal f  l i f e  of PI in rats with analbuminemia was 

1.7 times that in normal rats,  the production of PI seems to be about 3 times 

higher in analbuminemic rats than in normal rats. In the same way, the 

production of P2 in rats with analbuminemia was calculated to be 1.4 times 

higher than that in normal rats.  The hal f  l i f e  of P3 in rats with analbumi- 

nemia was almost the same as that in normal ra ts ,  and thus i t s  1.9- fo ld higher 

concentration in the i r  serum probably resulted from 1.9 times higher produc- 

t ion of the protein. Since PI, Pz and P3 are groups of heterogeneous proteins 

with d i f f e ren t  hal f  l i ves ,  the apparent prolongation of the i r  hal f  l ives in 

rats with analbuminemia could be a resu l t  of changes in the i r  compositions. 

Further studies on th is  point are necessary. However, i t  seems l i k e l y  that 

individual serum proteins have d i f f e ren t  turnover rates in rats with analbumi- 

nemia and normal rats,  because injected serum albumin had s ign i f i can t l y  

d i f f e ren t  hal f  l ives in these two types of rats.  

Albumin has been considered to be an essential component of serum 

protein and i t  is one of the main proteins synthesized in the l i v e r ( l l ) .  

However, rats with analbuminemia showed no s ign i f i can t  pathological 

abnormalit ies, suggesting that other proteins e f fec t i ve l y  take over the 

functions of albumin in the i r  serum. 

ACKNOWLEDGEMENT 

This work was par t ly  supported by a Grant from the Princess Takamatsu 

Cancer Research Fund. 

REFERENCES 

I .  Benhold, H., Peters, H., and Poth, E. (1954) Verh. Deut. Ges. Inn. Med. 
60, 630-634. 

2. Cormode, E. J . ,  Lyster, D. M., and Israels ,  S. J. (1975) Pediatr. 86, 
862-867. 

3. Boman, H., Hermodson, M., Hammond, C. A., and Motulsky, A. G. (1976) 
Cl in ical  Genetics 9, 513-526. 

4. O'Farrel ,  P. H. (1974) J. Biol .  Chem. 250, 4007-4021. 
5. Mancini, G., Carbanara, A. 0. ,  and Heremans, J. F.(1965) Immunochemistry 

2, 235-254. 
6. Laemmli, U. K. (1970) Nature, 227, 680-685. 
7. Williams, C. A. J r . ,  and Grabar, P. J. (1955) Immunol. 74, 397-403. 

1198 



Vol. 87, No. 4, 1979 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMLINICATIONS 

8. Gregersen, M. I .  (1944) J. Lab. Clin. Med. 29, 1266-1286. 
9. Gray, S, J, ,  and Frank, H. (1953) J. Clin. Invest. 32. 1000-1004. 

I0. Crandall, L. A. J r . ,  and Anderson, M. X. (1934) Am. J. Dig. Dis. Nutr. 
I ,  126-131. 

I I .  Rothschild, M. A., Oratz, M., and Schreiber, S. S. (1972) N.Engl. J. 
Med. 286, 748-757. 

1199 


